Introduction
The synchronous measurement of Ρθ2 and in the fetus during labor is of special interest for studying the fetal physiology and pathophysiology [1, 5, 6, 7, 10, 13, 17] . Because of the difficulties of application of two skin electrodes on the fetal scalp during labor, a combined electrochemical Poi-Pco2 transcutaneous sensor (RADIOMETER PROTOTYPE) was tested in the fetal scalp [15] . In such electrodes, the measuring systems for tc Ρθ2 and tc Pco2 are incorporated in one housing [2, 8, 11, 19] . The aim of this study was to analyse the accuracy with which it is possible to measure the Ρθ2 respectively Pco2 of the fetal blood by means of such a combined electrode during the. application on the fetal scalp. The data measured by the transcutaneous combined electrode were compared with the data of the fetal blood analysis (FBA) respectively blood samples from the umbilical artery (UA) [10, 12] . STEPHAN 
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Methods
The Radiometer prototype of a combined tc Po2/tc Pco2 electrochemical sensor was applied to the fetal scalp in 21 fetuses during labor. Details of this design, which is based on a SEVERINGHAUS design, are reported elsewhere [19] . The housing of the sensor has the same size as the tcPo2 respectively tcPco2 electrode of RADIOMETER. A CLARK type polarographic O 2 electrode and a STOW SEVERINGHAUS CO 2 electrode are incorporated into a single device [4, 18] (Fig. 1) . Calibration of the combined electrode was performed with a RADIOMETER calibration gas which consists of 10% CO 2 and 15% O 2 at 44 °C. No temperature compensation or metabolism offset was used. To elicit the electrode drift during the measuring procedure controls were performed at the end of the measurement using the calibration gas. The maximal drift during our study was 8% for CO 2 (after a measuring period of 3 hours and 21 minutes) and 5% for O 2 (after a measuring period of 1 hour and 54 minutes). Skin readings were corrected for the drift found by the post skin measurement -assuming a linear drift of the electrode. The electrode was fixed onto the fetal scalp with a tissue adhesive 2-butylcyanoacrylate. After the application the measuring chamber was filled with contact solution by means of a tube system bored into the fixation ring of the electrode [16] . The steady-state for tcPcoi was reached in 15.4 ± 3.5 SD, for tcPoi 10.3 + 2.5 SD minutes. Of 24 attempts made, the application was unsuccessful in 3 cases, when the electrode was dislodged during retraction of the fetal blood sampling tube. For synoptic coverage of the results of the measurements, the tcPo2, the tcPcoi and the relative heat deviation of the combined electrode as well as the cardiotocogram were traced polygraphically on a multichannel recorder. Blood gas analysis of the fetal blood samples (FBA) respectively the umbilical artery (UA) were performed on a RADIOMETER ABL 3 blood analyser. The linear correlation coefficient, the slope, the intercept and the significance were calculated for comparison of transcutaneous Pco2 levels respectively Ρθ2 levels to the blood levels (FBA and UA). Additionally the ratio of tcPco2 and blood Pco2 respectively tcPo2 and blood Ρθ2 were calculated in order to present the mean and standard deviation (SD) of this ratio. We studied 21 fetuses during labor. The total duration of evaluation was 61 hours and 30 minutes. The average individual evaluation time was 176 minutes (range from 36 minutes to 6 hours and 21 minutes). All fetuses had vertex presentation. All newborns were vigorous (Apgar > 7); in 5 fetuses the pH-level of the blood samples from the umbilical artery was between 7.24 and 7.20, in one fetus 7.18. Eleven babies were born spontaneously; six by vacuum extraction; three by means of spoons (modified forceps) [14] , and 1 by cesarean section. Thirteen mothers were para-I, eight were para-II, four multipara. Informed consent was approved in all cases.
Results
Using a multichannel recorder we succeeded in achieving polygraphic tracings of the uterine contractions (labor), the fetal heart rate (FHR), the relative heat deviation of the combined electrode and the transcutaneous partial pressure of oxygen (tcPo2) and carbon dioxide (tcPco2) (Fig. 2) . Transcutaneous values were compared with values of synchroneously collected blood samples. For the transcutaneous Pco2 we found a statistically significant correlation, for the comparison of both the FBA (r = 0.95, intercept = -22.94, slope 1.95, p < 0,001) (Fig. 3) . The mean ratio of tcPco2 and Pco2 of the FBA for each point was 1.43 + 0.15 SD. Comparing the transcutaneously recorded Pco2 of the moment of delivery with the Pcoi value measured in blood samples of the umbilical artery (UA) we also found a statistically significant correlation (r = 0.75, intercept = 0.30, slope = 1.45, p < 0.05 (Fig. 3) . The mean ratio of tc Pco2 and Pcoi of the UA for each point was 1.46 + 0.17 SD.
Comparing the data of the transcutaneous Ρθ2 monitoring with the fetal blood analysis, we found a statistically significant correlation (r = 0.83, intercept = -4.97, slope = 1.23, p < 0.001) (Fig. 4) . The mean ratio of each point of this comparison was 0.93 ± 0.22 SD.
When analysing the data of the tcPoi monitoring with the umbilical artery values (UA), we did not find a statistically significant correlation (r = 0.36, intercept = 0.94, slope = 0.54, p > 0.05). When the recording was performed up to the expulsion of the baby, the Ρθ2 value of the transcutaneous measurement was in some cases much lower than the values of the umbilical artery (Fig. 4) . The mean ratio of tc Ρθ2 and Ρθ2 of the UA for each point was 0.64 + 0.32 SD.
Discussion
We performed a study of a new combined Ρθ2-Pco2 electrochemical sensor in an application where it might be particularly useful. The simultaneously performed measurement of O 2 and CO 2 is of special interest for studying the physiology and pathophysiology of the fetus during labor. Such simultaneous transcutaneous estimation of Ρθ2 and Pco2 has been performed by mass spectrometry with a single sensor [3, 11] . Compared with this method which is judged to be cumbersome by some authors, the use of electrochemical sensors is more convenient [20] . Up to now this had been possible only by the use of two spearate electrochemical electrodes for tcPo2 and tcPco2 measurements [6, 9, 15] . Such application of two electrodes on the fetal scalp during labor is difficult [15] . The fact that the success of the application of two electrodes was considerably lower than the success achieved with the use of one single transcutaneous electrode implicates that it is desirable to have a combined electrode, which would make the application much easier. Because of the difficulties connected with the application of two skin electrodes on the fetus during labor, the development of an electrochemical sensor which measures tcPoi and tcPco2 simultaneously is of interest especially for this application in perinatal medicine [15] . Of major concern was the fact that as a result of polarographic O 2 -reduction at the cathode, OH~ ions are produced, leading to an erroneous Pco2 change [8] . In the SEVERINGHAUS design this effect is compensated by stoichiometrical consumption of OH "ions [19] . The rates of drift were predicted to be acceptably small [8, 19, 20] . WHITEHEAD etal. as well as HUGH etal. reported that it is possible to estimate PaU2 and PaCU2 transcutaneously in infants with a single electrochemical sensor [8, 20] . Our experience with the RADIOMETER combined electrode proved that using a single sensor was much more convenient compared with the use of two electrodes. A dislodging of the electrode during the retraction of the fetal blood sampling tube was a little more likely with the combined Po2-Pco2 electrode compared with the tcPo2, respectively tcPco2 single electrodes, due to the fact that the cable of the RADIOMETER combined electrode is much stiffen A future modification should lead to a success rate comparable to single electrodes, which is reported to be about 90% [7] .
During our study the measurement of the tcPoz and tcPco2 proved to be reasonably reliable in measuring the blood gas values. For the partial pressure of carbon dioxide there was a statistically significant correlation when compared with the values of fetal blood.
By the comparison of the transcutaneous Pco2 values with Pco2 values of the FBA we found that the tcPco2 exceeds the blood gas level of carbon dioxide considerably; this is known to be due to a raised temperature and the CO 2 production of the tissue [18] . The regression slope calculated by us is misleadingly high due to the zero offset (Fig. 3) . While there is an intercept of -22.94 we know that at zero the electrode reading would still be above and not below that point.
Here it was of interest to calculate the mean ratio of tc Pco2 and blood Pcoa for each point as additional information may be achieved in this way. The reason for this is that the regression is not determined by deliberate variation of Pco2 in the subjects, so little evidence is accumulated relating to the actual slope of the electrode response. The mean ratios for tcPco2 and Pco2 of the FBA respectively the UA are 1.43 respectively 1.46.
During our measurements with the combined tcPo2-tcPco2 electrode in the fetus, the values of tcPo2 were less consistent -in measuring the Ρθ2 of the fetal blood, the tc Ρθ2 level tended to underestimate the sanguinous level. Such findings have been reported by other authors using single tcPo2 electrodes. In this context LUBBERS has pointed out that the tcPo2 (and tc Pco2) is not only dependent on the blood gas values but also on the local blood flow. When the Ρθ2 in blood is known, the ratio tc Ρθ2/Ρθ2 (the so-called "tcPo2 index") can be used to describe the state of circulation [7] . For the comparison of the tcPo2 with the Ρθ2 of the samples from the umbilical artery (UA), we found a low mean ratio (0.64). This might be interpreted as a sign of decreased local blood flow during the expulsion of the babies. The Pco2 measurement seems to be much less influenced by the progress of labor as compared with the tc Ρθ2 measurement. This finding consists with the experience with single transcutaneous electrodes for Ρθ2 respectively Pco2 measurement [6, 9, 17] . Taking into consideration the mechanisms and the extent by which transcutaneous values are influenced, the continuous recording of the partial pressure of both oxygen and carbon dioxide by means of a combined Po2-Pco2 electrochemical sensor will hopefully lead to an improved understanding of the fetal physiology and pathophysiology. Looking at the values of the transcutaneous measurement during the expulsion of the fetus and its comparison with the values of the umbilical artery, it was an interesting finding, that values of the transcutaneous estimation of Ροζ were much lower in some cases and no statistical correlation was found (p > 0.05). We conclude that the combined electrochemical sensor for measuring tcPco2 and tcPo2 is a new additional tool for studying the physiology and pathophysiology of the fetus during labor, but as the accuracy of Po2 and Pco2 in the fetal blood is influenced by the progress of labor, the special characteristic of the transcutaneous measurement has to be taken into account when values are interpreted.
Keywords: Combined Po2-Pco2 sensor, fetal monitoring, transcutaneous blood gas measurement. On a compare respectivement les valeurs de la tcPo2 et de la tcPco2 avec les valeurs de Panalyse du sang foetal (SF) et du sang de l'artere ombilicale (AO). En comparant les valeurs de la tc Po2 avec les valeurs du SF, nous trouvons des resultats compatibles (r = 0,95; p < 0,001). Le coefficient de correlation est. plus bas (r = 0,76; p < 0,05) pour la comparaison de la Pco2 avec les valeurs de l'artere ombilicale. La determination transcutanee de la 2 comparee avec les valeurs analysees dans le sang foetal est egalement tout a fait faible (r = 0,83; p < 0,001). En regardant les valeurs de la mesure transcutanee au cours de l'expulsion et en les comparant avec les valeurs de l'artere ombilicale, on trouve une donnee interessante: les valeurs de l'estimation transcutanee de la 2 sont plus basses dans certains cas et aucune correlation statistique n'a ete trouve (p < 0,05). Nous concluons que le capteur electrochimique mixte pour la mesure de la tc Pco2 et tc 2 est un outil nouveau supplementaire pour etudier la physiologic et la physiopathologie du foetus au cours du travail, mais comme l'exactitude de la Pco2 et de la Pco2 dans le sang foetal est influencee par revolution du travail, les caracteristiques speciales de la mesure transcutanee doivent etre prises en compte dans Interpretation des resultats. 
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